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Summary. Aim: Intraoperative radiotherapy (IORT) is now an acceptable option for low risk early stage
breast cancers, allowing patients not to undergo a full course of external radiotherapy. It is not clear, however,
whether IORT, providing radiations very close to the chest wall, may produce heart damage. In this study
we tried to evaluate if acute or chronic heart damage in early stage breast cancer patients treated with breast
conservative surgery (BCS) and IORT, can be assessed by ultra-sensitive cardiac Troponine I (Tnl) levels or
N-terminal proB-type natriuretic peptide (NT-proBNP), respectively. Materials and methods: We enrolled 43
patients who received IORT for breast cancer, as part of a TARGIT-A trial. Twenty-two patients had left
and 21 right breast cancer. Tnl levels were measured immediately before surgery, and six hours after the end
of IORT; both Tnl and NT-proBNP levels were measured after 12 months. For the patients with left breast
cancer, a little tungsten sheet was placed under the major pectoralis muscle, on the chest projection of the
X-ray source, in order to protect the heart. Resu/ts: None of the patients showed altered serum levels of Tnl
before surgery, or after IORT procedure and NT-proBNP during follow-up. No difference in Tnl and NT-
proBNP values was noticed between right-sided and left-sided breast cancers treated with BCS and IORT.
Conclusions: IORT for early stage breast cancer treatment does not increase Tnl and NT-proBNP levels, sug-
gesting that the procedure does not determine acute or chronic heart damage.
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«RADIOTERAPIA INTRAOPERATORIA DURANTE LA CHIRURGIA DEL CANCRO DELLA MAMMELLA: EFFETTI
ACUTI E CRONICI A LIVELLO CARDIACO TESTATI MEDIANTE TROPONINA ULTRA-SENSIBILE E PEPTIDE Pro-B
NATRIURETICO N-TERMINALE»

Riassunto. Scopo: La radioterapia intraoperatoria (IORT) & considerata una opzione accettabile per i tumori
della mammella allo stadio iniziale a basso rischio, in quanto evita ai pazienti di dover sopportare un ciclo
completo di radioterapia esterna. E’ tuttavia non chiaro se la IORT, erogando radiazioni molto vicine alla
parete del torace, produca danni al cuore. In questo studio si vuole valutare se danni acuti o cronici a livello
cardiaco in pazienti con tumore mammario allo stadio iniziale trattati con chirurgia mammaria conservativa
(BCS) e IORT, possano essere valutati attraverso livelli supersensibili di Troponina I cardiaca e peptide
Pro-B natriuretico N-terminale (NT-proBNP). Materiali e metodi: Abbiamo arruolato 43 pazienti che hanno
ricevuto la IORT per cancro al seno, facenti parte dello studio clinico TARGIT-A. Ventidue pazienti avevano
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il cancro al seno sinistro e 21 al seno destro. I livelli di Tnl sono stati misurati immediatamente prima della
chirurgia e 6 ore dopo la fine della IORT; inoltre, sia i livelli di Tnl e NT-proBNP sono stati misurati dopo
12 mesi. Per i pazienti con cancro al seno sinistro, ¢ stato posizionato sotto il muscolo pettorale maggiore,
un foglio di tungsteno, sulla proiezione pettorale della sorgente di raggi X, al fine di proteggere il cuore.
Risultati: Nessuno dei pazienti ha mostrato livelli di siero alterati del Tnl prima della chirurgia, e dopo la
procedura di IORT e NT proBNP durante il follow-up. Non ¢ stata notata nessuna differenza nei valori Tnl
e NT-proBNP tra il cancro al seno destro ed al seno sinistro trattati con BCS e IORT. Conclusioni: La IORT
per il trattamento del cancro alla mammella in stadio iniziale non aumenta i livelli di TnI e NT-proBNP, e
suggerisce che tale procedura non determina danni al cuore di tipo acuto o cronico.

Parole chiave: radioterapia intraoperatoria, cancro della mammella, troponina I, peptide Pro-B natriuretico
N-terminale, chirurgia conservativa della mammella

Introduction

Breast cancer is the most common cancer and the
leading cause of cancer death among women world-
wide. Breast conservative surgery (BCS) followed by
adjuvant radiotherapy (RT) yields satisfactory aesthet-
ic results without compromising local control and is
now considered as the standard of care for most pa-
tients with early stage breast cancer. Nowadays, the
most commonly used schedule for external beam radi-
ation therapy (EBRT) after BCS is 45 to 50 Gray (Gy)
delivered over 5-6 weeks in 1.8-2Gy daily fractions,
followed by an additional boost to the tumor bed of
10-16Gy over 1-2 weeks. Even though lower than ini-
tially reported, nonetheless radiation therapy is associ-
ated with an increased risk of cardiac dysfunction (1).

In the last few years, the idea that a single dose of
radiation delivered during the surgical operation, on
the tumor site, could be as efficient as EBRT has been
tested as a way to provide less discomfort and better
cosmetic results (1). A first study performed by Vaidya
et al. (2) showed that an intraoperative radiotherapy
boost was feasible with good cosmetic results and low
rates of local relapses in selected low-risk patients, thus
providing the rationale for a randomized trial versus
external radiotherapy. The randomized study, called
TARGIT-A (3), evaluated a single dose of 20Gy de-
livered intraoperatively by an intrabeam device (called
intraoperative radiotherapy-IORT) versus whole
breast external beam radiotherapy and showed com-
parable local control rates in a selected patient popula-

tion. This study has been recently updated, confirming
the comparable efficacy of the two techniques in local
control rates (4). Of interest, the TARGIT-A trial has
also shown that the number of cardiac deaths, although
low overall, were even less in the target intraoperative
arm (4). Apart from clinical cardiac toxicities, there are
very few prospective data on sub-clinical radiothera-
py-induced cardiac toxicity. In fact, markers of cardiac
toxicity are available. Cardiac troponin (Tn) I and T
are structural proteins unique to the heart. Detection
of Tn in peripheral blood indicates cardiomyocyte ne-
crosis and is the most widely used biomarker for detec-
tion of myocardial damage (5). Although widely used
to detect myonecrosis in the setting of ischemia, Tn
is also elevated with other acute and chronic disease
processes, including heart failure, pulmonary embolic
disease, renal failure, sepsis, chemotherapy injury and
others. Natriuretic peptides, such as N-terminal pro
B-type (NT-proBNP), are secreted from the heart in
response to cardiac hemodynamic stress mediated by
volume and/or pressure overload. Although non car-
diac specific, these latter biomarkers are a sensitive tool
of cardiac dysfunction. Elevated levels can be detected
early in the asymptomatic stage of heart disease or in
patients with preserved ejection fraction.

There are only a few studies of cardiac biomarkers
in patients undergoing EBRT and these studies have
shown conflicting results (6-9). The aim of this study
was to investigate, by ultra-sensitive Tnl plasma and
NT-proBNP levels, the acute and chronic safety of
IORT during early stage breast cancer surgery.
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Methods and materials
Study Design

At the Veneto Institute of Oncology, patients with
Early Breast Cancer who were candidates for Breast
Conservative Surgery and IORT in the context of the
TARGIT-A protocol (3) were enrolled into a prospec-
tive study designed to evaluate the cardiac safety of the
procedure. All patients reporting a personal history of
cardiac disorder (cardiomyopathy, ischemic heart dis-
ease, valvulopathies, and arrhythmias) were excluded
from selection. Between July 2011 and July 2012, 43
patients enrolled in the TARGIT-A trial were selected
for the cardiac safety study; 21 patients with right and
22 with left breast cancers. As reported in Table 1, the
median age of the population was 61.4 yrs; most of
the tumors were Invasive Ductal Carcinoma (n=38;
88.4%), with positive hormone receptor (n=26, 60.5%),
negative Her-2 (n=40, 93.2%), Grade 2 (n=22, 51.2%),
MIB-1 <20% (n=22, 51.2%). All patients had a pre-
operative cardiologic evaluation by electrocardiogra-
phy (ECG), and transthoracic echocardiography. Five
patients had a history of blood hypertension treated
by antihypertensive drugs. The study was conducted
according to the Declaration of Helsinki and was ap-
proved by the hospital’s ethics committee. All patients
provided written informed consent.

Surgical and radiotherapeutic treatment

The IORT treatment, according to the TARGIT-
A protocol (3), delivered all required radiation in a sin-
gle fraction during the surgical stage. The Intrabeam
(Carl Zeiss Meditec) device provided a source point
of low energy x-rays at the tip of a 3.2 mm diameter
tube that was placed at the centre of a spherical tu-
mor bed applicator. After excision of the tumor, the
surgical specimen was macroscopically examined by a
pathologist, to evaluate the lump size and the margins,
in order to decide if the surgery performed was suf-
ficient or immediate re-excision of the margins needed
to be performed to achieve clear margins. The senti-
nel lymph node was examined immediately on frozen
sections and an immediate axillary dissection was per-
formed if found positive.

Table 1. Characteristics of the patient population

Characteristics
Median age (range), yrs 61.42 (44-76)
Histological type
IDC 38 (88.4%)
ILC 3 (7%)
Others 1(2.3%)
Unknown 1(2.3%)
Clinical staging
¢T1aNO 5 (11.6%)
¢T1bNO 13 (30.2%)
¢T1eNO 13 (30.2%)
c¢T1bN1 3 (7%)
cT1cN1 4(9.4%)
cT1cN2 1(2.3%)
¢T2eN1 1(2.3%)
unknown 3 (7%)
Hormone receptors
ER+PR+ 26 (60.5%)
ER+PR- 12 (28%)
ER-PR- 3 (7%)
unknown 2 (4.5%)
Her 2-neu
Negative 40 (93.2%)
Positive 2 (4.5%)
Unknown 1(2.3%)
Side of disease
Left 22 (51.2%)
Right 21 (48.8%)
Grading
G1 13 (30.2%)
G2 22 (51.2%)
G3 5 (11.6%)
unknown 3 (7%)
MIB-1
<20% 22 (51.2%)
>20% 10 (23.2%)
unknown 11 (25.6%)

IDC: invasive ductal cancer; ILC: invasive lobular cancer; ER:
estrogen receptor, evaluated by immunohistochemistry method;
PR: progesteron receptor, evaluated by immunohistochemistry
method.

An Intrabeam spherical applicator was adapted to
the size of the cavity left by the tumor excision. The
applicator was placed on the tumor bed, and the breast
parenchyma was stretched close to the spherical appli-
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cator and closed over it with stitches. Then, radiation
was switched on for 25-30 minutes to target the area at
high risk of local recurrence. The surface of the tumor
bed typically received 20Gy, which falls to 5-7Gy at 1
cm depth. In order to protect the heart from radiation
damage, when IORT was performed on the left breast,
a little sheet of tungsten, 4-5 cm diameter, was placed
under the major pectoralis muscle on the chest projec-
tion of the spherical applicator by dissecting the mus-
cle tissue which was then sutured over the tungsten
sheet in order to achieve a good irradiation of the mus-
cle too. At the end of the procedure, the tungsten sheet
was removed and the muscle repaired with stitches.

Tnl and NT-proBNP essays

In patients who were selected for IORT, “basal”
serum Tnl levels were obtained on the same day as
the operation and 6 hours after breast conservative
treatment plus IORT. Then, 12-months after surgery,
Tnl and NT-proBNP measurements were repeated,
and a new ECG was performed. Venous blood sam-
ples were collected into Vacutainer® tubes containing
lithium heparin. Plasma samples were obtained shortly
after venipuncture by centrifugation and assayed im-
mediately. Analyses of Tnl and of NT-proBNP were
determined using a commercially available LOCI®
(Luminescent Oxygen Channelling Immunoassay) by
Dimension” EXL Analyzer (Siemens Healthcare Di-
agnostics, Newark, NY, USA). The analytical range
for TnI was 0.015-40.000 ug/L; 10% CV <0.04 ug/L;
99° percentile (critical level for heart damage) =0.045
ug/L. The analytical range for NT-proBNP was 5.0-
35.000.0 ng/L; CV=2.2-9.01%.

Statistical analysis

Continuous data are presented as medians (range)
and categorical data as percentages.

Results

In all 43 patients the basal serum level of Tnl was
<0.017 ug/L. None of the 43 patients showed an in-

crease in serum Tnl levels after local excision of the

tumor and IORT, thus registering levels of Tnl lower
than 0.017 ug/L. Among the patients treated for left
breast cancer, independently of the quadrant (outer or
inner), no increase in Tnl levels was detected. Moreo-
ver, neither different times of exposure to IORT nor
spherical applicators of different sizes influenced Tnl
levels. Twelve months after surgery, all 43 patients
had negative Tnl values (<0.017 ug/L), and 42 pa-
tients showed negative NT-proBNP levels (median
value: 69; range: 25-242 ng/L). One patient, a 70-year
woman already treated by five antihypertensive drugs,
reported an increase in NT-proBNP (value=526 ng/L)
although within the range of normality (0-900 ng/L);
at a subsequent evaluation, this patient had an NT-
proBNP value of 389 ng/L and echocardiography
showed normal systolic and diastolic function (ejection
fraction: 63%).

Discussion
Physiopathology of radiation-induced heart damage

Radiation-induced heart disease was initially
studied in patients treated with high-dose radiation
schemes for Hodgkin’s disease, showing an increase in
the amount of fibrous tissue in the pericardium, myo-
cardium and endocardium, and severe atherosclerosis
of the coronary arteries, always confined to the irra-
diated volume (10). There are various radio-sensitive
structures within the heart, but the myocardial damage
is mainly the consequence of vascular injuries. Cardiac
tolerance to radiation depends on the amount of the
myocardium irradiated, and it decreases with an in-
creasing percentage of the heart volume involved (6).

The relative risk of death from a fatal myocar-
dial infarction in patients treated with mediastinal
EBRT is 1.5 to 3.0 in comparison to not irradiated
patients (11, 12). In young patients undergoing me-
diastinal irradiation, the prevalence of myocardial
ischemia and coronary artery disease is high (13). A
recent meta-analysis of eight randomized trials found
a 62% increase in cardiac deaths among women who
were treated with EBRT (14). Even at lower radiation
doses, there appears to be an excess risk of cardiovas-
cular disease as shown in the Japanese atomic bomb
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survivors (15). The process of radiation-related heart
damage starts as initial endothelial damage, which
leads to acute inflammatory reaction and activation
of the coagulation mechanisms with fibrin deposition,
secretion of cytokines such as tumor necrosis factor,
interleukin (IL)-6 and IL-1, platelet-derived growth
factor, transforming growth factor-f3, and subsequent
fibrin formation, endothelial proliferation and colla-
gen deposition, with enhanced atherosclerosis. Myo-
cardial damage is characterized by non-specific, dif-
fuse interstitial fibrosis, which alters the compliance
of the myocardium and contributes primarily to dias-
tolic dysfunction (16). Although the physiopathology
of radiation-induced heart damage is well known, the
precise incidence of clinical heart damage is less clear.
There are many confounding factors that can explain
the discordant results as to the cardiotoxicity of EBRT.
First, a long follow-up is needed, to establish a reliable
incidence of cardiac events attributable to RT. Second,
given the frequency of coronary artery disease in West-
ern societies, large numbers of patients are required for
detection of statistically significant differences in the
ratio of observed to expected events. Third, compet-
ing causes of death are likely to obscure any increase
in cardiac mortality seen after EBRT (17). Finally,
many of these patients receive additional therapies
(chemotherapy, endocrine therapy, biological therapy)
and each of these can contribute to cardiac toxicity.
It is however clear that there are still concerns about
the possible damage resulting from low-dose radiation
exposure to the heart, as occus during EBRT or in the

case of IORT during BCS.
Markers of acute cardiac damage

Potential methods of early cardiac damage as-
sessment include biochemical tests, functional stud-
ies and scintigraphic evaluation of myocardial perfu-
sion. Among the biochemical markers, three main
molecules have been mainly considered: Tn, the atrial
natriuretic peptide (ANP) and the brain natriuretic
peptide (BNP).

Tn is a widely accepted marker of acute heart
damage, and has also been studied as a marker of car-
diotoxicity induced by cytotoxic chemotherapy (6), but
it seems not to be a good marker in the follow-up of

EBRT-treated patients (8, 18). Tn leaks out of injured
myocardial cells through their damaged cell mem-
branes into the bloodstream within 4 to 6 hours of a
myocardial infarction and remains elevated for up to 2
weeks (19, 20). For this reason, Tn might be the best
marker to evaluate cardiac acute damage after IORT.

There are only a few studies of biomarkers in pa-
tients undergoing EBRT and these studies have shown
conflicting results. In a study by Hughes-Davies ez al.
(7), pre-and post-treatment serum TnT values in 50
patients with early breast cancer undergoing EBRT to
the entire left breast following BCS were compared.
No changes in TnT concentrations were found after
45 to 46Gy whole-breast irradiation. All women had
undetectable or normal TnT levels on the first and last
day of treatment. There was no evidence of any upward
trend during treatment.

In another study, in 30 patients receiving tho-
racic chemo-radiation therapy no significant elevation
in creatine kinase-myocardial band (CK-MB), Tn or
NT-proBNP was detected with radiation therapy (18).

Nellessen ez al. (6) sought to determine whether
radiation treatment to the mediastinum and breast lead
to the release of cardiac biomarkers. The study includ-
ed 23 patients: 18 with lung cancer and 5 with breast
cancer. Radiation therapy was administered for up to 6
weeks. The total radiation dose was >45Gy in each pa-
tient. Blood samples to determine Tnl and BNP were
taken before and once a week during radiation therapy.
Both Tnl and BNP increased significantly during the
study; however, the absolute and mean values of both
biomarkers remained on a relatively low level (mean
pre-radiation and post-radiation Tnl: 0.007+0.008,
0.014+0.01 ng/mL; mean pre-radiation and post-ra-
diation BNP: 123+147, 159+184 pg/mL).

A recent study by Erven ez al. (9) involving 75
women who received adjuvant RT to the breast/chest
wall and regional lymph nodes reported significantly
elevated Tnl levels after RT compared with baseline in
the left-sided group, whereas in the right-sided group
no change in Tnl levels could be noticed. However, in
all patients the Tnl values remained below the quanti-
fication level. Nevertheless, the authors concluded that
the assay employed for Tnl was not sensitive enough.
In addition, as stated by D’Errico ez al. (8), NT-proB-

NP plasma values were correlated with high doses of
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radiation in small volumes of heart and ventricle expe-
riencing cardiac injury.

To our knowledge, there are no data on the pos-
sible heart damage induced by partial breast irradia-
tion performed by an Intrabeam device during surgery
directly on the tumor site. In our pilot-study we evalu-
ated the possible cardiac damage induced by IORT on
43 patients, by measuring the Tnl levels as markers
of acute and NT-proBNP as marker of chronic injury
respectively. We used ultra-sensitive cardiac troponin
in accordance with Erven ez a4/ (9), to confirm the dif-
ferences in Tnl levels in the early detection of post-RT
cardiotoxicity.

The distance between the left ventricle and chest
wall determines the percentage of myocardium in-
volved in the radiation field (8), and can be predictive
of the myocyte damage induced by an X-ray tangential
field like the one used during EBRT; this can be even
more true when the radiotherapy source is very close to
the chest and producing a spherical X-ray field. Dur-
ing IORT, in fact, the X-ray source is placed directly
inside the tumor excision cavity, in contact with the
chest wall, and X-rays spread around, irradiating the
major pectoralis muscle and possibly the heart. In our
patients, in order to protect the chest wall and the
heart from radiation, in the 22 left-sided breast cancers
a little sheet of tungsten was placed under the major
pectoralis muscle. Interestingly, we found no differ-
ence in Tnl serum levels between patients with left
breast cancer and right breast cancer. Tnl is a uniquely
sensitive marker of myocyte membrane integrity, and
the normal values observed during treatment in this
study suggest that there is no acute myocardial cell
death after irradiation. Similarly, a normal value of
NT-proBNP in all patients 12-months after surgery
is correlated with absence of chronic cardiac damage

induced by IORT.

Conclusion

In conclusion, IORT treatment, given intra-op-
eratively with an IntraBeam device soon after local
excision of the breast tumor, and delivering 20Gy of
radiation directly onto the tumor bed, does not cause
any acute or chronic heart damage detectable with Tnl

and NT-proBNP serum levels, respectively, bearing in
mind that the heart of left-sided breast cancer patients
was protected by a small sheet of tungsten. There were
no differences in serum levels between patients treated
for right or left breast cancer. These findings confirm
the acute and chronic cardiac safety of IORT with In-
traBeam. A larger patient population and a longer fol-
low up will be necessary to finally confirm the cardiac

tolerability of IORT.
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